Introduction: Several methods of transverse patellar fixation have been described. This study compares the clinical outcome and the occurrence of complications of various fixation methods.
Introduction
Fractures of the patella constitute 1% of all skeletal fractures. About 50 -80% of patellar fractures are transverse (Arbeitsgemeinschaft fü r Osteosynthesefragen classification: 34-C1) 1, 2 and are likely to disrupt the extensor mechanism of the knee, making operative management necessary. 3 Since the patella is subjected to strong tensile forces, patella fractures require rigid fixation with anatomical reduction. 4 Fixation can be achieved in different ways. The classical Kirschner (K) wires and tension band wiring (TBW) technique, described by the AO foundation, 5 have been the most widely used: two parallel Kirschner wires (K-wires) are combined with figure of eight metallic TBW. 3, 5 Fixation can be also achieved using TBW through cannulated screws. 6 The TBW technique is associated with failure from prominent hardware and postoperative discomfort. 7 Metal implants have to be removed as a result of local tissue irritation produced by the K-wires, 8 which can also migrate. 9, 10 Recently, non-metallic and modified methods of fixation have been studied to cause less irritation and hardware failure. Patients have been treated using K-wires and non-metallic substitutes for TBW. Also, biodegradable cannulated screw fixation has been tested. 11 -13 Intraosseous cellular response to biodegradable implants is considered mild, and does not influence bone union. 14 This systematic literature assesses the available literature on the management of transverse patella fractures using metallic or non-metallic implants. We analysed the clinical outcome and possible complications after operation. A comparison was made between fixation techniques using metal sutures or suture wire and techniques using non-metallic materials.
Pooling of data from selected studies was performed where appropriate.
Methods

Literature search
A comprehensive literature search was conducted using PubMed, ScienceDirect, Web of Science and Google Scholar on January 3, 2013. During the initial search, no time limit or language restriction were applied. Keywords used for the literature search were: 'Patella', 'fracture', 'internal fixation', 'tension band wiring'. After searching the previously mentioned databases, a search of the grey literature was conducted using Google.
Titles and abstracts of the studies were examined; studies describing non-transverse patellar fractures were excluded from the initial result. In addition, case reports, literature reviews and letter to editors were excluded. Studies in which multiple fracture types (transverse, oblique, comminuted) are assessed but in which fracture-specific distinction was made in outcome reporting were included.
After the initial search, the articles' language was restricted to English, German and Dutch. Eventually, 20 full text studies were processed for data extraction and analysis (Fig. 1) .
Care was taken not to double-count patients and fractures appearing in different publications of the same or other authors.
Quality assessment of articles
Two investigators scored the quality of the articles independently using the Coleman Methodology Score (CMS). The Coleman scoring system is a method to analyse the quality of the studies reviewed. It is both accurate and reproducible in systematic reviews and has been used successfully for several years. We adjusted the CMS to evaluate clinical studies reporting on transverse patella fractures ( Table 1) . The CMS score assesses the methodology using a total of 10 criteria. This results in a score for a study ranging between 0 and 100. A score .85 points is considered excellent, a score 70-84 is considered good, a score of 50 -69 moderate and ,50 poor.
Both investigators scored all articles within a total 3 weeks. All articles were scored using the CMS score. If differences in the article score were encountered, agreement was achieved by consensus. The final scores presented are those set by agreement of both investigators.
Statistics
The mean CMS score and standard deviation (SD) were used to determine the quality of the articles. Confidence interval (95% CI) were calculated where pooling of data was appropriate. The level of statistical significance was set at P ¼ 0.05, SPSS Statistics 19 for Windows (SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses.
Results
The initial literature search identified 1803 studies. Studies not relevant to the management of transverse patellar fractures were excluded. We excluded case reports, literature reviews, letter to editors and articles not specifically reporting outcomes. Finally, 20 studies, published from 1989 to 2012, were selected for data extraction. Nine studies were retrospective cohort studies, 10 were prospective cohort studies and 1 was a randomized trial. Four studies were performed at institutions in China. Further locations included: USA, UK (two studies), Austria, Bangladesh, Egypt, Finland, Mexico, Germany, Israel, India, Japan, Nepal, Taiwan and Turkey (all one study).
After agreement between two investigators, the CMS score ranged between 35 and 65 of 100 (mean: 44, SD: 11, CI: 39 -50). Overall, 7 studies were of moderate (CMS: 50 -65) quality and 13 studies were of poor (CMS ,50) quality ( Table 2) .
The mean follow-up ranged between 4 and 54 months. Fourteen studies provided a mean follow-up of more than 12 months and 3 studies did not provide the mean follow-up data (mean: 26 months, SD: 14 months, CI: 19 -33 months).
The outcome of fracture fixation was described in six studies using validated clinical outcome measures including the Lysholm score (LS), the Knee Society Clinical Rating Scale (KSCRS), the (modified) knee 23 
31
Retrospective cohort
Jasulka et al. pain score, the Bö stman score and the HSS knee score. Also, in-house grading methods were developed by some authors or affiliates. Data regarding the patients' range of motion (ROM) at follow-up were also used as a benchmark for treatment outcome.
Demographic data
The 20 selected studies included 558 patients treated for a transverse patella fracture. Treatment was performed between 1976 and 2009. The mean age in 18 studies (448 patients) ranged from 17 to 89 years (mean: 50 years, SD: 14 years, CI: 44 -56 years). Two studies 15, 16 did not specifically report the age of the patients treated. One study 17 focused on fracture management of elderly patients.
Of 449 patients, 239 were men and 210 were women. Five studies (109 patients), describing multiple types of fracture, did not specifically report on the patients gender with respect to transverse fractures. 9, 10, 15, 18, 19 The most common cause of fracture was a fall (77%), followed by road traffic accidents (20%). Three per cent of transverse patella fractures were sustained following sports-related trauma, forced flexion or a direct blow. Eleven studies (383 patients) explicitly reported the cause of transverse patella fractures. In 9 studies (165 patients), the cause of fracture was not reported. Some of these studies describing the treatment of multiple types of fractures did however report a full description of fracture cause, but a description of transverse fracture was missing.
Perioperative details
In 11 studies, 6,9,10,12,16,18 -23 K-wires in combination with metallic tension band wire were used. Luna-Pizarro et al. compared a novel percutaneous patellar osteosynthesis system (PPOS) technique with traditional open surgery for patella fractures.
Furthermore, wiring through cannulated screws and percutaneous screw fixation was used in four studies. 8, 18, 22, 24 Cerclage wiring or TBW was the chosen method of fixation in four studies. 15,17 -19,25 Two studies 9,26 used metallic cerclage wiring or pins in combination with polyester suture wire for fixation.
A non-absorbable braided polyester (Ethibond & ) suture in combination with two bio-absorbable cannulated lag screws was used in one study. 24 Gosal et al. compared fracture fixation according to the method with a method in which fractures were fixed using a metallic or non-metallic cerclage suture complemented with an anterior figure of eight looped deep to the quadriceps and patella tendons. 23 Chen et al. and Juutilainen et al. compared the use of self-reinforced polyglycolide or self-reinforced poly-L-lactide plugs as a method of fracture fixation with the traditional K-wire method. 11 Moreover, Tian et al. compared fixation using cannulated screws and the traditional K-wire technique. Mao et al. 27 used a novel Cable Pin System with a minimally invasive technique.
The mean period of postoperative immobilization, reported in six studies, ranged between 0 and 6 weeks (mean: 2.8 weeks, SD: 2.8 weeks, CI: 0.6-5.0 weeks). 8, 12, 17, 20, 24, 25 Two studies (14 patients) 9,26 evaluated the maximum tensile stress or strength of the sutures used for treatment.
Outcome
The mean time to radiographic union of the fracture was described in 12 studies (314 patients), and ranged between 3 and 18 weeks (mean: 8.6 weeks, SD: 2.8 weeks, CI: 6.8 -10.7 weeks).
Hardware removal was described in 12 studies (90/355 patients). Most patients were still carrying their hardware at the latest follow-up (Table 3) .
Postoperative skin irritation caused by the implant was reported in 10 studies (48/325 patients). 8 -10,16,17,20,22,23,25,26 In Bayar et al., 20 11 patients underwent the hardware removal procedure; the patients still carrying their implant did not report any skin irritation or pain. Removal of pins and suture (12 months after surgery) was a standard procedure in Yotsumoto et al. Table 4 displays an overview of the clinical outcome scores and the presence of complications reported in studies in which metallic fixation was used. The outcome grading methods used included the Hospital for Special Surgery (HSS) score, LS, Goodfellow score, IOWA score, KSCRS and other locally developed clinical grading methods. Four studies (127 patients) 10, 17, 23, 25 did not rate the clinical outcome of fracture fixation. Further objective analysis of outcome scores could not be undertaken, since differing follow-up periods were enforced and a large variety of methods were used.
Complications were described in all studies ranging from no complications 8, 12, 27, 28 to multiple complications. A total of 19 patients complained of pain and 11 patients were developing an infection. Other complications were wire slipping (2 patients) and problems with hardware ranging from wire protrusion to a broken wire loop (18 patients). In one case fracture union was not achieved, requiring patellectomy 23 . Other complications were articular incongruity .1 mm (10 patients) and thigh atrophy (15 patients). One patient developed osteoarthritis and five patients exhibited displacement .2 mm. Wild et al. distinguished minor and major complications. Examples of minor complications are wire loosening and fixation breakage with or without small (,2 mm) displacement of fragments. Minor complications were present in 16 patients. Five patients sustained major complication which included infections and fragment displacement .2 mm.
An overview of outcome scores and complication reported in studies in which non-metallic and mixed implants were used is given in Table 5 . In two studies (19 patients) 9, 24 , the mean LS at bone union and after 12 months was evaluated. Chen et al. and Juutilainen et al. used an unspecified clinical grading method.
No complications were encountered in five studies (48 patients) 9, 12, 23, 24, 26 , in which non-metallic or mixed sutures were used as a method of fixation. Chen et al. reported two patients with delayed wound healing for the group treated with biodegradable plugs and polyester suture and one patient with occasional pain at follow-up (Table 6) .
Eleven studies evaluated the patient's ROM. In studies in which metal implants were used, a reduction of ROM was explicitly described in nine 28 studies 6, 8, 10, 11, 17, 20, 21, 27, 28 (34/301 patients), whereas, for studies using non-metallic or mixed implants, a reduction in ROM was explicitly reported in three studies 6, 11, 12 (2/30 patients).
Discussion
Metallic implants
The most commonly used method for fixation of transverse patellar fractures was the use of two K-wires and TBW. However, pain and irritation were most commonly present following this modality of treatment. 10, 15, 20, 21 A large variety of methods was used for transverse patellar fracture fixation. In general, most of the displaced transverse fractures were fixed using the classical method described by the AO group. Compression of the fracture site is obtained by figure-of-eight TBW. This tension system may not provide sufficient compression, and may lead to fracture displacement on knee motion. 15, 29 Studies describing fixation of various types of patellar fractures report that, in general, 25-42% of patients treated with K-wires and metal TBW experience suboptimal results and postoperative pain or irritation. 24, 29, 30 In addition, fracture compression can be accomplished using cannulated screws and titanium cable.
Tian et al. compared 49 patients who received titanium cablecannulated screw fixation with 52 patients who received K-wires and modified anterior TBW. All patients were treated for AO 34-C1 fractures. No complications were present in the cable-cannulated screws group, whereas for the K-wire group 13 cases of skin irritation, wire migration or K-wire loosening were observed. A titanium cable-cannulated screw tension band can achieve good fracture reduction and healing with a low rate of complications. The authors therefore recommend the use of cable-cannulated screws in transverse patellar fractures. 22 Mao et al. (2012) treated 31 patients using a cable pin system. One end of the system is a partially threaded cancellous screw. The other end of the system is a guide needle which can be easily passed through bone tunnels. The material connecting the two ends is a cable with a special braided structure. The cable is reported to have both great strength and excellent pliability. 27 No complications were present, and a total of 29 of 31 patients achieved full knee ROM. 27 This method of fixation provided satisfactory clinical results and less pain compared with traditional methods. 27 Berg 8 treated 10 patients with transverse patellar fractures using figureof-eight TBW through cannulated screws. Results were encouraging, with a high healing rate. The used fixation method salvaged three patients in whom traditional TBW had failed to maintain an anatomical reduction. 8 Anterior TBW through cannulated screws is most appropriate for treating transverse patella fractures with two substantial bony fragments and that it may be advantageous in osteoporotic bone. 8 Cerclage wiring without additional hardware was described in three studies, and was used in minimally displaced patellar fractures. 25 Two studies compared operative treatment using cerclage wire or a K-wire system with conservative treatment using a plaster cast for immobilization. 17, 31 In both studies, the operative group exhibited better outcome in terms of extensor function and mobility status compared with conservative non-operative group treated by a cylindrical cast. 
Bio-absorbable implants
Qi et al. and Chen et al. used bio-absorbable cannulated screws with a braided polyester suture tension band for the fixation of displaced patella fractures. No complications were present in the transverse fracture group as well as in the entire study population containing multiple types of fracture. In the study performed by Qi et al., at 12 months after surgery the average LS was 97 of 100. All patients returned to their preoperative activity level.
In two other studies, 12, 26 postoperative symptoms related to patella fracture implants decreased with the use of non-metallic implants.
Two studies compared fixation using TBW through biodegradable selfreinforced polyglycolide (SR-PGA) and self-reinforced polyl-L-lactide (SR-PLLA) plugs with fixation using K-wires and metallic cerclage wire. In two patients, slightly delayed wound healing was observed, possibly tissue reaction to plug or the suture material. 11, 32 At a final follow-up, none of the patients had their polyester suture removed. It was assumed that SR-PGA screws absorb in 1 year and SR-PLLA absorb in 3-4 years. 33, 34 There was no difference in clinical and radiographic outcome between the two groups. Therefore, biodegradable tension band fixation with SR-PGA or SR-PLLA plugs and sutures is suitable for the management of patellar fractures. Both studies conclude that patella fractures can be treated successfully with biodegradable implants and the outcome should not differ from operations in which metallic implants are used. When using biodegradable implants, only one operation is needed because they do not require removal. Total expenses are lower, and operational risk factors and disadvantages, such as wound infection, sick leave time, rehabilitation, intra-and postoperative subjective discomfort can be minimized. 12 Also, only one operation is undertaken instead of two operations. 11, 12 The use of bio-absorbable implants (PLLA/PGA) leads to favourable clinical results and minimal complications in the studies analysed. However, in long-term studies in other anatomical areas, complications are reported including osteolysis, synovitis and arthropathy. 35, 36 Given the relatively limited study size reporting on the treatment of patients with transverse patellar fractures using bio-absorbable suture, it is difficult to compare occurrence of these complications with other traditional techniques.
Considering the successful application of novel metallic implant systems such as cable pin systems, percutaneous screws and titanius cable-cannulated lag screws, metallic implants will likely not show possible long-term complications due to reaction to the implant. 22, 27, 28 Hence, it is stated that these implants could be favourable over bio-absorbable implants.
Non-absorbable implants
Gosal et al. 23 compared non-absorbable Ethibond & with K-wires and metallic cerclage wire fixation. No complications were present in seven patients treated with non-metallic implants, whereas for the six patients treated with K-wire and cerclage wire complications and reoperations were reported.
Yotsumoto et al. 9 treated transverse patellar fractures using metallic ring pins (RP) and braided polyblend suture (BPS). No postoperative complications or limitations were observed. The primary benefit of this method is ease of operation. 9 Another benefit is the reduced incidence of complications related to metallic materials, as the RP and BPS do not migrate from the reduction site, being self-locking.
The use of polyester has both in vivo and in vitro advantages. First, in vitro tests have shown that braided polyester exhibits greater stiffness compared with metallic or other biodegradable sutures. 37 Secondly, polyester sutures demonstrate minimal soft tissue irritation. 37 
Biomechanical evaluation of implant
Two studies 9, 26 reported on the tensile stress for the sutures used for fracture repair. At a straight pull tensile test, Chatakondu et al. 26 found a significant lower tensile strength for non-absorbable Ti-Cron suture compared with stainless steel wire (14.89 vs. 35.25 kg). The author states that suture breakage however is unlikely to cause any problems. 26 
Limitations
In general, the literature describing the treatment and outcome of transverse patellar fractures is of poor quality (mean CMS: 44, SD: 11, CI: 39-50).
Many studies described the treatment of a wide variety of patellar fractures without specifically mentioning demographics or follow-up outcome for transverse patella fractures. These studies were excluded or the clinical outcome results were not taken into account.
Overall, a large variety of clinical outcome grading methods was used to assess outcome. This made direct comparison between methods on the basis of clinical outcome score difficult. Some institutions developed their own clinical scoring method, but did not validate it. Reduction of motion was poorly described, and often only the average reduction in ROM was reported.
Conclusion
Overall, the quality of the studies in this field was poor, with the CMS of most studies ranging between 30 and 50 points.
Studies reporting novel arthroscopic-assisted reduction and fixation showed that the use of these techniques was associated with shorter surgical time, higher functional score, better knee mobility and lower complication rate than open surgery.
When comparing the treatment of patellar fracture in patients older than 65, the operative group had a much better outcome in terms of extensor function and mobility status compared with conservative nonoperative cast immobilized group.
The most frequently used method for the fixation of transverse patellar fractures was two parallel K-wires and TBW. However, pain and irritation were commonly present. Tian et al. showed that cable-cannulated screw fixation yields better clinical results in comparison with K-wire and modified anterior TBW. In addition, a cable pin system as described by Mao et al. provides satisfactory clinical results.
A direct comparison between fixation techniques using mixed or nonmetallic implants and metallic K-wire and tension band fixation shows no significant difference in clinical outcome between both groups. Non-metallic implants are suitable for treating patella fractures rather than metallic implants. As there is no need to remove the biodegradable implants, costs and morbidity can be markedly reduced.
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